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1. Executive summary 
The UQ-SDAAP selected notional injection sites in the Blocky Sandstone Reservoir using multiple criteria 
decision-making methods and suitability analysis tools. A risk avoidance and minimisation approach was 
used. Criteria that represent technical, social and/or environmental perceived risks to a carbon capture and 
storage project were selected.  
The suitability analysis involved three stages: 
1. Analysis on subsurface criteria 
2. Analysis on surface criteria 
3. Combining surface and subsurface analyses to form a final suitability map 
Subsurface criteria focused on risks to carbon dioxide (CO2) dynamic storage containment and avoidance of 
potential leakage ‘features’ from the geological storage complex, for example through groundwater bores or 
faults and injection pressure interference from third party operations or other geological factors. Surface 
criteria focused on potential risks to gaining regulatory approval and social licence to operate by having a 
negative effect on perceived social and environmental values. The final ‘suitability map’ represents the 
combined subsurface and surface risks to locating a CO2 injection site at a particular location or “sweet 
spots” (lowest risk areas) for notional CO2 injection sites. These locations are not precise – there is 
significant room for flexibility depending on local conditions and on engagement with community and 
landholders. 
This is a desktop study. Future work needs to focus on on-the-ground, field studies to confirm well 
bore location and depth data, dwellings and other buildings as well as land use and areas of remnant 
vegetation. Site-specific appraisal data (especially seismic data) are still required before any 
appraisal well location decisions are finalised. 
2. Purpose  
This report discusses the method that was adopted to identify notional CO2 injection sites with the lowest 
containment risk (and with other, non-technical risks also minimised). These areas were used as a basis for 
the analysis and simulation of possible industrial-scale CCS deployment. A lowest risk deployment scenario 
required the identification of injection sites for injection modelling, pipeline route identification and a notional 
field development plan. It also required a minimum surface footprint, A description of the geology and carbon 
storage concept is provided in Garnett et al. 2019d. A multiple criteria decision-making suitability analysis 
and tools available in ArcMap were used to screen the lowest risk sites within the deep, Blocky Sandstone 
Reservoir (Precipice Sandstone) - Figure 1. This formation has previously been proposed as having the 
highest CO2 storage potential (e.g. Bradshaw and Rigg 2001, Bradshaw et al. 2011, Garnett et al. 2012 and 
Hodgkinson & Grigorescu 2013).  
3. Introduction 
Development of the Surat Basin for large-scale carbon capture and storage (CCS) is currently in the pre-
appraisal, greenfield stage. More site-specific, appraisal data are therefore needed before confidence in 
whether a real, industrial scale CCS option exists. This report identifies the geographical location(s) that 
should be the target for the next stage of data gathering and answers the question:  
Given the current level of data and analysis, what is the area most likely to be suitable for CCS, on a 
technical and non-technical basis, as the first site for industrial scale, long term injection and secure 
storage? 
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Based on current data and analyses (Garnett et al. 2012, pp364-469; Hodgkinson & Grigorescu 2013), the 
formation which is likely to afford sustained (> 30 years), high rate (>5 million tpa), secure CO2 storage 
potential  is the “Blocky Sandstone Reservoir” of the Precipice Sandstone. The total “technically injectable” 
area of the Blocky Sandstone Reservoir is, in principle, very large (Figure 1). However, the main focus of the 
project has been to determine the areas where containment risk is lowest and within this, to determine what 
sustained rates might be achievable. There are numerous surface and subsurface features which reduce the 
attractiveness of much of the area. Therefore, any area for injection needs to be high-graded by some 
criteria, especially in the context of the CCS specific risks, groundwater and other resource activities. 
The wider Surat Basin (Maranoa and Western Downs) (Figure 1) region has undergone significant resource 
activities recently. Towler et al. 2016 provides an overview of the latest developments in the Surat Basin. It 
has been an active area for large scale coal seam gas (CSG) or coal bed methane (CBM) development 
since 2009, with the drilling of over 8,000 wells and continued activity of >500 wells drilled per year. These 
developments are in an area highly dependent on groundwater and have been associated with controversy 
over their groundwater impact (e.g. Williams et al. 2012).  
The CSG developments have also included large-scale managed aquifer recharge (MAR) injection schemes 
within the main Blocky Sandstone Reservoir, CCS play, albeit over 150 km to the north of areas studied in 
this research and at much shallower depths (Hayes, Nicol & Underschultz, 2019). 
Between 2007 and 2013, a series of underground coal gasification (UCG) trials were undertaken in the 
western Darling Downs area. In 2018, one of the companies involved in these trials accused of causing 
serious environmental harm (e.g. Sibson 2018).  
While the technology of CCS is not analogous to either CSG or UCG, there are heightened sensitivities to 
large-scale resource development in the area in the public and political sphere. It is essential to carry out 
additional engagement in the community both to increase their knowledge and understanding as well as to 
understand better local concerns and perspectives (e.g. Ferguson et al. 2019a) 
Carbon dioxide injection in the deepest parts of the Basin, at >2.3km, is in some ways analogous to CSG, 
MAR operations. This has been investigated as part of the Social Science work stream for this project (e.g. 
Garnett et al. 2014; and Ferguson et al. 2019b). 
In addition to changes in the development natural gas (and coal), there are major changes at play relating to 
groundwater. The agricultural sector, has experienced a recent drought (State of Queensland 2019), 
traditionally this causes an increase in groundwater take, The sector has also seen a rise in the number of 
feedlots1 which are relatively large and localised  users of groundwater (though not from the Blocky 
Sandstone Reservoir aquifer in areas high–graded in this research). The number of feedlots and number of 
cattle that go through feedlots is also predicted to increase in the future (Meat and Livestock Australia 2017). 
Considering historical resource developments in the Surat Basin, for the purposes of UQ-SDAAP, the overall 
high-grading approach for identifying an initial, industrial-scale storage location has been designed to be 
demonstrably the lowest, practicable risk, and with minimal groundwater impact (with no negative impact at 
depths which are economic for groundwater abstraction). In many ways, the approach to risk minimisation 
can be thought of simply as:-  
maximising the distance from any potential groundwater users or from potential leakage features. 
This approach is in deliberate contrast to an approach that could have optimised the economics or cost of 
storage injection (minimal well depths, well counts, or permeability, and transport distance). 
.
                                                     
1 locations of intensive farming were livestock, usually cattle, are taken for additional feeding to increase their mass and produce meat of 
consistent quality 
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Figure 1 Surat Basin Cumulative Management Area, Local Government Areas and power stations with 
CO2 emissions per annum.  
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4. Methodology 
The main aim of this desk-top, notional site high-grading was to identify any show-stoppers and to identify 
areas of lowest development risk, estimates of suitability is limited by the data available at the time and the 
scoping nature of the study. 
In line with a philosophy of demonstrable risk-minimisation, UQ-SDAAP high-graded sites based on reducing 
both technical and non-technical risk factors (which overlap or coincide to some extent). Technical risk 
factors aimed to select lowest overall containment risk based on currently available data. Non-technical risk 
factors aimed to maximise separation distance from other users and from any surface sensitivities or 
subsurface features which might cause stakeholder concern.  
The process followed in high-grading injection sites therefore involved common risk area or segment 
creation and analysis as follows: 
1. Key subsurface features were characterised; such as legacy oil and gas exploration wells, producing oil 
or gas wells, producing water bores from different formations and faults at the storage complex level (as 
indicated on seismic data) 
2. Key surface features were defined; such as where people live, land use, areas with environmental 
values and Native Title land 
UQ-SDAAP initially defined nominal minimum separation distances from these features, creating “grey 
zones”2 within which injection wells and facilities would not be sited (in a first-pass analysis). Features 
representing the highest risk were allocated a grey zone with a 15 km radius (the maximum-modelled plume 
migration distance was ~10km – Roger et al. 2019). This included areas such as potential seal penetrations 
(wells) and potential pressure effects (legacy oil and gas wells and water bores). Features likely to cause 
less concern for stakeholders, or with lower objective containment risk (e.g. active water wells completed in 
formations shallower than the storage complex), were assigned a smaller grey zone depending on the 
assigned risk. The grey zone ‘radii’ used were 15, 10, 5 and 2 km. 
The remaining areas “green to red zones”3 were graded by a structural dip of the seismic reflector (zero dip 
being most favourable), seal quality (with thicker and siltier being most favourable) and surface features, with 
green representing the most favourable areas and red representing less favourable, but still not within a 
“grey zone” area.. 
The result for notional site selection is considered a very low risk, very conservative approach: and it still 
requires more site-specific data be acquired, especially, but not limited to surface seismic data to preclude 
the presence of geological faults.  
“Green zones” are the lowest risk (most attractive) sites within the historic, social and geological context of 
the area and the philosophy of demonstrably minimum risk (for a first development and therefore are the 
sites suggested for the next stage of data gathering). The grey zones are not considered to be areas where 
no injection can take place, rather, they should be reassessed after site-specific data gathering suggested by 
this UQ-SDAAP study (Honari et al. 2019b). 
UQ-SDAAP used a geographic information systems (GIS) method known as suitability analysis to implement 
the notional injection site selection philosophy and linear weighted combination (Jiang & Eastman 2000; 
                                                     
2 Grey zone: Areas not high-graded for the first tranche of industrial scale CO2 injection i.e. not the lowest demonstrable containment 
risk or potential area of least stakeholder concern. For clarity, this does not indicate area where future injection will always be 
excluded; area risk assessment will need to be repeated on each cycle of new data gathering 
3 Green to red zone: Areas that are high-graded for the first tranche of industrial scale CO2 injection based on maximising distance from 
sensitive surface and sub-surface features and optimal containment factors. Green zones having the highest grade and red the 
lowest grade within the high-graded areas. 
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Beier, Majka et al. 2009; Malczewski 2006) to combine the information about relevant surface and 
subsurface features.  
In linear weighted combination, any features relevant to determining suitability are represented by criteria 
(e.g. reservoir thickness, land use) that vary spatially. The spatial variation for each criterion is represented 
by factors. Each factor within a criterion is given a score that represents that factor’s suitability to host an 
injection site. For example, in the surface criteria of land use, an area used for grazing native vegetation was 
considered to be more suitable for an injection site than an area used for irrigated horticulture. Each category 
was weighted according to its relative importance for determining a potential location for an injection site. 
The score for each factor was multiplied by its weighting. Every area, represented by a pixel (the size of 
which is determined by the raster resolution of the data) was given an overall score, calculated by adding the 
weighted factor scores for all criteria in the pixel area.  
UQ-SDAAP analysed subsurface and surface criteria separately as the criteria for each were treated in 
different ways. Restriction functions (described in section 4.1) were applied to subsurface criteria, including 
the use of grey zones. The Blocky Sandstone Reservoir was used as the processing extent for the analysis. 
UQ-SDAAP then combined the suitability layers for the surface and subsurface to create an overall suitability 
layer that represented the overlying risks associated with locating a CCS injection site at any particular 
location and showed the location of grey and green-red zones. Figure 2 sets out the suitability analysis 
workflow. A scoring range of one to ten was used, with ten representing the most suitable, and one 
representing the least suitable factor. Scores were assigned to criterion factors based on the demonstrably 
minimum risk philosophy, knowledge of the risks represented by the factors, and the distribution of the factor 
data. The decisions made to score the factors for each of the criteria are detailed in section 4.1 for 
subsurface criteria and section 5.2 for surface criteria.  
Figure 2 Flowchart showing the UQ-SDAAP suitability analysis procedure. 
 
4.1 Subsurface 
The criteria used in the subsurface suitability analysis represented technical requirements for CCS, CO2 
migration risks, the risk of affecting the rights of a third party (Robertson J & Garnett A 2018) or regulatory 
risks to the operator because of likely negative environmental impacts. As CO2 migration out of the intended 
storage complex (consisting of the Blocky Sandstone Reservoir, Transition Zone and Ultimate Seal) and its 
effects on third party rights are a major factor in the viability of CCS, UQ-SDAAP applied nominal minimum 
separation distances, indicated by grey zones, to the criteria representing these risks. A restriction function 
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was used to represent the grey zones. This function had the effect of applying a very low suitability score 
(minimum suitability score minus one) to the area a set distance around features mapped for that criterion 
(ESRI 2018a). Table 1 sets out the criteria used, what risks each criterion represents, and the grey zone 
(restriction function) applied to each criterion.  
Each criterion was given the same weighting. UQ-SDAAP combined criteria with similar geometries and 
restriction distances (e.g. all groundwater bores sourcing water from the Evergreen Formation or below, 
managed aquifer recharge (MAR) wells in the Precipice Sandstone and springs sourcing water from the 
Evergreen Formation or below) to simplify the aggregation step (weighted overlay table Figure 2). The 
criteria used to determine subsurface suitability, the risks represented by each of the criteria and their 
associated restriction functions are summarised in Table 1. Section 5.1.1 details the data used in each 
criterion, any changes that were made to data for the purpose of the suitability analysis, what scores each 
factor in the criterion were given and uncertainties associated with the data.  
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Figure 3 Grey zone distances for depth of Transition Zone (TZ), distance from the zero edge of the 
Blocky Sandstone Reservoir (BSR), petroleum lease boundaries, and indications of possible 
faults in the reservoir storage complex from seismic. 
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Figure 4 Grey zone distances for bores, wells or springs with 15, 10, 5 or 2 km restriction functions 
applied. BSR: Blocky Sandstone Reservoir, US: Ultimate Seal, P&A: plugged and abandoned. 
 
 
Table 2 sets out the weighting for each of the criteria that was used in the subsurface analysis. Figure 5 
shows how the grey zone distances decrease with decreasing risk. The weightings used for the analysis are 
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suitable as a first-pass analysis and do not negate the need for detailed field studies, further seismic data 
and site-specific appraisal (Honari et al. 2019). 
Table 1 Subsurface suitability criteria, risks represented and associated simple restriction functions. 
Criterion Risks/Technical 
requirements 
Grey zone 
Depth of Transition Zone  Storage capacity.  
Containment security  
Restriction applied to depths <800 m below 
ground level 
Thickness of the Blocky Sandstone 
Reservoir (TS1 – J10) 
Technical requirement (max rate 
and min BHP) 
No restriction function, but thicker is better 
on injection and pressure grounds 
Dip angle of the Blocky Sandstone 
Reservoir (TS1 – J10) 
CO2 flow direction and migration 
rate minimised 
No restriction function, but it is essentially 
parallel to the Ultimate Seal. Zero dip is 
best. 
Distance from active petroleum lease 
boundaries 
CO2 migration and interference with 
3rd party rights (avoid depleted 
Walloons or Hutton, avoid SimOps 
or similar requirements) 
Restriction applied to 5 km from Petroleum 
Lease boarders 
Distance from the zero edge (pinch-out 
and outcrop) of the Blocky Sandstone 
Reservoir (TS1 – J10) 
Technical requirement – pressure 
interference of the edge may limit 
injection based on BHP constraints 
Plume restriction applied to areas within 5 
km of the edge – a simple safety margin 
approach (more seismic needed to better 
map the pinch-out) 
Distance from a fault (indication from 
seismic of possible fault) at the reservoir 
storage complex  
CO2 migration out of storage 
complex &/or fault reactivation - risk 
considered minor (Garnett et al. 
2019, section 4.5) but poorly 
constrained. 
Restriction applied to areas within 5 km of 
a mapped potential fault line. This would 
need revisiting after new seismic data are 
acquired4 - data are sparse and fault 
indications in the Basin Centre not clear. 
Groundwater bores/ex-petroleum wells 
that were drilled into the Ultimate Seal 
(J30) and are sourcing water from the 
Precipice Sandstone or Evergreen 
Formation or bores with no depth 
information or no information on 
water source or P&A methods. 
And - Managed aquifer recharge wells. 
CO2 migration risk & interference 
with groundwater levels and water 
chemistry 
Restriction applied to 15 km radius from 
bore/ex-petroleum well (this is 5km more 
than the furthest model plume spread – 
Rodger et al. 2019) 
Petroleum wells that were drilled into the 
Ultimate Seal (J30), were recompleted 
and are in use/sourcing water from a 
formation above the Evergreen 
Formation (where well completion report, 
WCR, has been found) 
CO2 migration risk & interference 
with groundwater levels and water 
chemistry 
Restriction applied to 10 km radius from 
bore/well (the Transition Zone in the MAR 
area does not transmit much pressure – 
Hayes et al. 2019) 
Petroleum wells drilled into the Ultimate 
Seal (J30) and plugged and abandoned 
where WCR has been found. 
CO2 leakage risk out of the storage 
complex 
Restriction applied to 5 km radius from 
wells (the seal complex is tight) 
Groundwater bores that did not go into 
the Ultimate Seal (J30) and are reported 
as sourcing water from the Hutton 
Sandstone. 
Risk of increase of groundwater 
levels, some risk of water chemistry 
changes (Hayes et al. 2019)  
Restriction applied to 5 km radius from 
wells (the seal complex is tight) 
Groundwater bores or petroleum wells 
that did not go through the Ultimate Seal 
(J30) and are not sourcing water from the 
Hutton Sandstone (shallower zones). 
Lower risk of increase of 
groundwater levels, some risk of 
water chemistry changes (Hayes 
et al. 2019)  
Restriction applied to 2 km radius from 
bore (the seal complex is tight) 
                                                     
4 Identification and mapping of possible high-angle vertical faults in the Basin Centre is challenging. More seismic data should be 
acquired before sites are drilled and tested to maximised confidence in lack or local faults (Honari et al. 2019). 
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Figure 5 Grey zone distances for depth of Transition Zone (TZ), distance from the zero edge of the 
Blocky Sandstone Reservoir (BSR), petroleum lease boundaries, and indications of possible 
faults in the reservoir storage complex from seismic. 
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Figure 6 Grey zone distances for bores, wells or springs with 15, 10, 5 or 2 km restriction functions 
applied. BSR: Blocky Sandstone Reservoir, US: Ultimate Seal, P&A: plugged and abandoned. 
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Table 2 Criteria weighting for subsurface analysis. 
Layer % influence 
Transition Zone (TS3/J20) depth 10 
Blocky Sandstone Reservoir thickness 10 
Blocky Sandstone Reservoir dip angle 10 
Distance from petroleum leases 10 
Distance from Blocky Sandstone Reservoir edge 10 
Distance from faults at reservoir storage complex level 10 
Distance from bores/wells/springs with 15 km restriction 10 
Distance from bores/wells with 10 km restriction 10 
Distance from bores/wells with 5 km restriction 10 
Distance from bores/wells/springs with 2 km restriction 10 
Table 3 to Table 10 set out the factors within each criterion and the factor scores applied, using a factor 
range of one to ten. A higher factor score indicates that the factor is more suitable for hosting notional CO2 
injection. UQ-SDAAP assigned factor scores in the range of one to ten for each factor in the criteria using a 
best estimate of the relative suitability of each factor for the location of an injection site. Arguments can be 
made for different factor scores and some sensitivities were investigated. 
For Transition Zone depth, to ensure that the CO2 would remain supercritical, any zone that may contain 
CO2 would need to be below ~800m from ground level (Department of Mines, Industry Regulation and Safety 
2013). The restriction function was used for any location with a depth above 600m below sea level (surface 
elevation is between 1243 and 195 m above sea level, except for the area around Dawson Creek). For the 
remaining depth categories, UQ-SDAAP gave higher suitability scores as the depth range increased as 
density of CO2, and therefore storage mass per volume increases with depth. Any location from 600 to 800m 
below sea level was given the lowest possible value of one as the depth range is relatively close to the 
shallowest possible depth of 600m below sea level. Depths of 800 to 1000m below sea level were allocated 
a score of seven, and anything greater than 1000m below sea level received the maximum score of 10 
(Table 3). 
The thickness of the Blocky Sandstone Reservoir was used as it represents the primary storage capacity of 
the notional CO2 storage complex, with thicker areas likely to have a higher theoretical storage capacity and 
injectivity. As the maximum thickness of the Blocky Sandstone Reservoir was approximately 150m, UQ-
SDAAP divided the thickness values into three classes: 0-50, 50-100 and 100-150. A reservoir thickness of 
over 100m was considered to be best for an industrial storage volume scenario. Areas with a thickness of 
>100m were given the maximum score of 10. Thinner Blocky Sandstone Reservoir areas were given lower 
scores of 1 for 0-50m and 2 for 50-100m as these were considered far less suitable for injection (Table 4). 
The structural dip of the BSR in the region of the notional CO2 storage reservoir affects the estimated 
distance, rate and direction of the CO2 plume spread. A flatter/lower dip would result a CO2 plume with a 
smaller geographic footprint at any given time. GIS software was used to classify the dip angle range into 
five categories using natural breaks observed in the regional distribution where the flattest category was 
scored 10, the category with the highest slope a score of one, and interim values were assigned to the 
remaining dip angle categories (Table 5). 
UQ-SDAAP gave the criteria of distance from the Blocky Sandstone Reservoir zero edge, distance from 
petroleum leases and distance from indications in seismic data of possible faults at the reservoir storage 
complex level the same distance ranges and scores as the risk of pressure interference or CO2 
migration/leakage decreases with distance away from the criterion. The criteria were also all represented as 
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linear features in ArcMap. Areas under 5 km from the zero edge of the Blocky Sandstone Reservoir 
edge/mapped fault/petroleum lease boundary were restricted. UQ-SDAAP gave areas 5 km to 10 km and 10 
km to 20 km low scores of one and three respectively, while areas over 20 km were given the maximum 
score (Table 6). The distance ranges and scores were based on preliminary injection modelling (Rodger et 
al. 2019) that showed there would be significant pressure interference 5 km away, but a buffer of at 20 km 
would be helpful to reduce the likelihood of pressure interference. 
A similar methodology was used based on the preliminary dynamic modelling results for assigning factor 
scores for all the criteria related to the distance from a bore, well or spring (Table 7, Table 8, Table 9, Table 
10) as risk of CO2 leakage decreases the further away the injection site is from the bore/well. Each criterion 
was given four distance categories. The lowest distance category being the restriction distance related to the 
criteria. The distance categories then go up by 5 km, with a range of 5 km until the fourth distance category 
contains the maximum distance from any bore/well within the criteria. 
Table 3 Factor values for top of Transition Zone depth. 
Top of Transition Zone depth from sea level (m) score 
939 – -600 Restricted 
-600 – -800 1 
-800 – -1000 7 
<-1000 10 
No Data No Data 
Table 4 Factor values for Blocky Sandstone Reservoir thickness. 
Blocky Sandstone Reservoir thickness (m) score 
<50 1 
50 - 100 2 
>100 10 
No Data No Data 
Table 5 Factor values for Blocky Sandstone Reservoir dip angle. 
Blocky Sandstone Reservoir dip angle (deg) score 
>7 1 
3.4 – 7  3 
1.8 – 3.4 5 
0.9 – 1.8 9 
<0.9 10 
No Data No Data 
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Table 6 Factor values for distance from Blocky Sandstone Reservoir zero edge. 
Distance from Blocky Sandstone Reservoir zero edge 
(m) 
score 
0 – 5000  Restricted 
5000 – 10000  1 
10000 – 20000 3 
>20000 10 
No Data No Data 
Table 7 Factor values for bores/wells with a 15 km radius restriction function. 
Distance from bore/well (m) score 
0 – 15000  Restricted 
15000 – 20000  1 
20000 – 25000 3 
>25000 10 
No Data No Data 
Table 8 Factor values bores/wells with 10 km radius restriction. 
Distance from bore/well (m) score 
0 – 10000  Restricted 
10000 – 15000 1 
15000 – 20000  3 
>20000 10 
No Data No Data 
Table 9 Factor values for bores/wells with 5 km radius restriction. 
Distance from bore/well (m) score 
0 – 5000 Restricted 
5000 – 1000 1 
10000 – 15000  3 
>15000 10 
No Data No Data 
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Table 10 Factor values for bores/wells with 2 km radius restriction. 
Distance from bore/well (m) score 
0 – 2000 Restricted 
2000 – 5000  1 
5000 – 10000 3 
>10000 10 
No Data No Data 
4.2 Surface 
In the surface suitability analysis, UQ-SDAAP aimed to identify areas that are appropriate for notional CO2 
injection from a well construction, engineering and finance perspective, as well as limiting the impacts on 
land use, the environment and people living in the area. Grey zones (restriction function) were not applied on 
surface criteria as the factors in the surface criteria did not represent risks to the technical viability of a CCS 
project to the same extent as subsurface criteria or the uncertainty of the data used for the factor made it 
impractical to apply grey zones. For example, grey zones could have been applied around dwellings, 
however a visual comparison of the data used to represent dwellings with satellite imagery suggested that 
not all dwellings were captured, or that the locations were not accurate (although a lot of the positional 
inaccuracy can be accounted for by different data projections). The radius of a grey zone placed around 
dwellings would have been at a similar scale the positional uncertainty of data. Therefore, the risks 
represented by the distance from dwellings are within the red to green zone for this stage of the analysis – 
they will likely be classified as “grey” at a later date. Local field studies and consultation are required in 
future to verify the data.  
The following criteria was used to determine surface suitability: 
• Rate of change of surface elevation (slope) 
• Distance from watercourses 
• Distance from dwellings  
• Land ownership (digital cadastral database) 
• Land use 
• Native Title 
• Vegetation protected under the Vegetation Management Act 1999  
• Areas to avoid (mining leases, areas where environmental surveys must be conducted, see section 
5.2.8) 
Table 11 sets out the weighting for each of the criteria used in the surface analysis. The total weightings for 
all criteria had to add to 100. The weightings are used simply to explore the balance of community interests 
e.g. near the injection site, including indigenous interests with environmental values and practical 
considerations related to construction of a well pads.  
At future stages of analysis, it is essential to ground-truth of the underlying data and analysis results 
if a similar injection site selection procedure is used for a CCS project.  
At present, a higher factor score indicates that the factor is more suitable (lower risk) for hosting CO2 
injection. Factor scores were assigned in the range of one to ten for each factor in the criteria using our best 
estimate of the relative suitability of each factor for the location of an injection site. Arguments can however 
be made for different factor scores. Further details of the data used for each of these criteria, any changes 
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made to the data, the factors within each criterion and the factor scores that were applied can be found in 
section 5.2. Uncertainties associated with the data sets are also presented in section 1.4.2.  
Table 11 Criteria weighting for surface analysis. 
Layer % influence 
Building distance 16 
Slope 15 
Distance from watercourses 14 
Land ownership (cadastral data) 13 
Land use 12 
Remnant vegetation (VMA) 11 
Native Title 10 
Areas to avoid 9 
4.3 Combining subsurface and surface criteria 
UQ-SDAAP combined the suitability layers for the surface and the subsurface criteria using a weighted 
overlay table, with the surface and subsurface layers given equal (50%) weighting.  
4.4 Software and GIS model specifications 
ArcMap 10.6 was used to run the suitability analysis. The model boundary for the suitability analysis was the 
Blocky Sandstone Reservoir zero edge and the project projection was GDA94 MGA55 (EPSG 28355). The 
Blocky Sandstone Reservoir thickness was used raster to align raster cell extents in the subsurface analysis, 
and the reprojected digital elevation model to align raster cell extents in the surface analysis. 
5. Data used in the analysis 
5.1 Subsurface analysis 
UQ-SDAAP chose the spatial datasets used in the notional injection site identification as they represent the 
technical, social and environmental risks associated with the regional area of interest at the appropriate 
scale for analysis. These were produced by UQ-SDAAP or available through government data portals. 
Datasets were selected for inclusion in the analysis, aiming to cover all relevant technical, social and 
environmental considerations that the project was aware of, without having the same consideration covered 
by several datasets. When more than one dataset covered a consideration, UQ-SDAAP used the dataset 
that contained more information, or other relevant information needed in the analysis. For example, the 
cadastral database was used to show where national parks are, rather than a dataset showing only the 
location of national parks, as the cadastral database also contained information on other land ownership 
types. UQ-SDAAP did not include datasets with minimal variability across the extent of the analysis. For 
example, the water plan that applies to the Blocky Sandstone Reservoir is the Water Plan (Great Artesian 
Basin and Other Regional Aquifers) 2017 (GABORA). As the same plan covers the whole area of the Blocky 
Sandstone Reservoir, the legislative requirements for water permits do not change across the analysis area. 
The bores sourcing water from the Precipice Sandstone, Evergreen Formation or below, criterion, would 
cover any water allocations under the GABORA (Water Plan (Great Artesian Basin and Other Regional 
Aquifers) 2017) that may be affected.  
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As UQ-SDAAP uses different geological terminology to other datasets, the term “Precipice Sandstone” is 
presumed to be roughly equivalent to the “Blocky Sandstone Reservoir” and that the “Evergreen Formation” 
to be roughly equivalent to the “Transition Zone and Ultimate Seal” combined.  
In this section, the data used in the suitability analysis, including the sources of data and the methods used 
to combine data to form the criteria for the suitability analysis, are described. This includes the factors within 
each criterion and what scores each factor was given, within a range of one to 10. A higher factor score 
indicates that the factor is more suitable for hosting CO2 injection. Any uncertainties or possible inaccuracies 
in the data are also described.  
5.1.1 Depth of the top Transition Zone 
The depth of the top of the Transition Zone (Figure 7) was represented in ESRI raster format and taken from 
the UQ-SDAAP static geological model “J20/TS3 surface”. UQ-SDAAP used the depth of the top of the 
Transition Zone as this represents the top of the reservoir section of the storage complex. Failure of 
containment would occur if CO2 were to leak through the top of the Ultimate Seal. The main uncertainties 
associated with the depth of the Transition Zone layer relate to the density and quality of constraining well or 
seismic data and uncertainty in the wireline log stratigraphic correlation or seismic data depth correction 
used to produce the static geological models. Further information on the UQ-SDAAP static geological model 
and the uncertainties associated with it are detailed in La Croix et al. 2019b and Gonzalez et al. 2019b.
 UQ-SDAAP | Notional injection site identification report 23 
 
Figure 7 Distribution of depth to top of Transition Zone (TZ). (A) Data. (B) Depth classes used in analysis. 
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5.1.2 Thickness of the Blocky Sandstone Reservoir  
The thickness of the Blocky Sandstone Reservoir (Figure 8) data was represented in ESRI raster format and 
taken from the UQ-SDAAP static geological model “SB1TS1 thickness.” The main uncertainties associated 
with the thickness of the Blocky Sandstone Reservoir layer relate to the density and quality of constraining 
well or seismic data and uncertainty in the wireline log stratigraphic correlation or seismic data depth 
correction used to produce the static geological models. Further information on the UQ-SDAAP static 
geological model and the uncertainties associated with it are detailed in La Croix et al. 2019b and Gonzalez 
et al. 2019b. 
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Figure 8 Thickness distribution of the Blocky Sandstone Reservoir (BSR). (A) Data. (B) Thickness classes used in analysis. 
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5.1.3 Structural dip of Blocky Sandstone Reservoir 
The dip angle of the Blocky Sandstone Reservoir (Figure 9) was represented in ESRI raster format and 
taken from the UQ-SDAAP geological model. The main uncertainties associated with the dip of the Blocky 
Sandstone Reservoir layer relate to the density and quality of constraining well or seismic data and 
uncertainty in the wireline log stratigraphic correlation or seismic data depth correction used to produce the 
static geological models. Further information on the UQ-SDAAP static geological model and the uncertainties 
associated with it are detailed in La Croix et al. 2019b and Gonzalez et al. 2019b.
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Figure 9 Distribution of dip angle of the Blocky Sandstone Reservoir (BSR). (A) Data. (B) Thickness classes used in analysis. 
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5.1.4 Distance from the zero edge of the Blocky Sandstone Reservoir 
The zero edge of the Blocky Sandstone Reservoir (Figure 10) was estimated using the UQ-SDAAP static 
geological model “Blocky Sandstone Reservoir zero edge”, which is a feature that combines the outcrop 
edge and subsurface pinch-out of the Blocky Sandstone Reservoir and the Euclidian distance function in 
ArcGIS. The main uncertainties associated with the zero edge of the Blocky Sandstone Reservoir relate to 
the available seismic resolution and well control information used to determine the zero edge in the static 
models. Further information on the UQ-SDAAP static geological model and the uncertainties associated with 
it are detailed in La Croix et al. 2019b and Gonzalez et al. 2019b.
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Figure 10 Distribution of distance from the edge of the Blocky Sandstone Reservoir (BSR). (A) Data. (B) Thickness classes used in analysis. 
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5.1.5 Distance from indication of faults from seismic at the storage complex level 
Three sources of information on the location of faulting in the criteria distance from faults in the Blocky 
Sandstone Reservoir were used: 
1. 2D seismic identified faults (point locations where faults cross 2D seismic lines) – faulting in the 
Blocky Sandstone Reservoir identified by the UQ-SDAAP seismic interpretation described in detail in 
Gonzalez et al. 2019a. This data included the location of a seismic anomaly that extended into the 
Blocky Sandstone Reservoir and is described in further detail in Gonzalez et al. 2019a 
2. 3D seismic identified faults – faulting in the Blocky Sandstone Reservoir identified by the UQ-SDAAP 
seismic interpretation described in detail in Gonzalez et al. 2019a. These are identified as surfaces 
within the 3D seismic volumes 
3. Faults and fractures project conducted by The University of Queensland Centre for Coal Seam Gas 
– faulting in the Blocky Sandstone Reservoir identified by Copley et al. 2017. This includes 
interpretations from both 2D (point locations) and 3D (fault surfaces) seismic data 
These sources of information were combined and the Euclidean distance function in ArcMap was used to 
calculate the distance from the various identified faults (Figure 11).  
Uncertainties in the seismic data fault interpretation may arise from processing uncertainty and low data 
density. For example, certain processing workflows of seismic data may produce artefacts that look like 
faulting or other geological features. Low data coverage can also make it difficult to interpret fault continuity 
and more specific attributes such as throw. Further information on UQ-SDAAP seismic interpretation and the 
uncertainties associated with it are detailed Gonzalez et al. 2019a. 
Note that there are considerable uncertainties about the nature, length throw and strike of potential 
Basin centre faults identified by this research. Additional seismic surveys are recommended prior to 
selection of a well site (Garnett et al. 2019: and Honari et al. 2019b).
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Figure 11 Distribution of distance from faults into the Blocky Sandstone Reservoir (BSR). (A) Data. (B) Distance classes used in analysis. 
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5.1.6 Distance from Petroleum Leases 
As there are thousands of CSG wells and many other petroleum wells currently producing, current petroleum 
lease boundaries were used to more easily represent the location of CSG wells and petroleum bores. UQ-
SDAAP used the Petroleum Leases shapefile from the Department of Natural Resources Mines and Energy 
2018 Exploration and Production Permits – Queensland data current on 16 October 2018 (Figure 12). The 
only changes made to the shapefile were clipping the shapefile to the analysis area and converting the 
coordinate system to GDA 1994 MGA Zone 55 (EPSG 28355). The Euclidean distance function in ArcGIS 
was used to calculate the distance from the petroleum lease boundaries. Exploration and Production Permit 
boundaries are updated daily. The main uncertainty related to this dataset is therefore the currency of 
information used.
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Figure 12 Distribution of distance from petroleum leases (PL). (A) data. (B) distance classes used in analysis. 
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5.1.7 Distance from managed aquifer recharge wells 
Water injection from managed aquifer recharge (MAR) in the Precipice Sandstone has the potential to cause 
pressure interference with notional CO2 injection. UQ-SDAAP used information about the location of MAR 
wells provided OGIA (Figure 13). The main uncertainty related to this data relates to how current it is, as new 
MAR injection wells may come online over time, while older wells, or wells at test locations may no longer be 
injecting. 
5.1.8 Springs 15 or 2 km radius restriction 
Any biological communities that depend on the natural discharge of groundwater from springs that source 
water from the Blocky Sandstone Reservoir (or equivalent) are protected under the Environmental Protection 
and Biodiversity Conservation Act 1999 (Cth). As CO2 injection will change the water pressure and quality in 
the injection reservoir, it has the potential to affect the biological communities that depend on springs 
sourcing water from the injection reservoir. UQ-SDAAP used the Queensland Department of Environment 
and Science 2018 Springs – Active- Queensland data, with springs that have “Precipice Sandstone” listed as 
a source aquifer for the 15 km radius restriction criterion and have an aquifer above the Precipice Sandstone 
listed as a source aquifer (Figure 13), or no source aquifer listed for the 2 km radius restriction (Figure 14). 
The largest uncertainty in this dataset is the allocation of each spring to a source aquifer. Several springs 
were not allocated a source aquifer. If the source aquifer is the Precipice Sandstone/Blocky Sandstone 
Reservoir, but it has not been recorded in the database, then it will not be captured by this desk-top 
analysis. Any unmapped active springs with the Blocky Sandstone Reservoir as a source aquifer will also 
not be included in the analysis. The dataset used also only captured active springs. Although there are no 
inactive springs across the extent of the Blocky Sandstone Reservoir, some inactive springs may not have 
been mapped. An increase in water pressure in the Blocky Sandstone Reservoir has the potential to 
reactivate any unmapped inactive springs if they source water from the Blocky Sandstone Reservoir. 
5.1.9 Groundwater bore information – 15, 10, 5 or 2 km restriction 
Multiple data sources were used to create the feature used in this criterion. Information on the location and 
depth of groundwater bores in Queensland was obtained from the Queensland Groundwater Database 
(GWDB) (Department of Natural Resources, Mines and Energy 2018). Information on the location and depth 
of groundwater bores in New South Wales (NSW) was obtained from the Bureau of Meteorology’s National 
Groundwater Information System (Bureau of Meteorology 2018 from WaterNSW). Information on the depth, 
location and status of petroleum wells was obtained from the Queensland petroleum exploration database 
(QPED) (Department of Natural Resources, Mines and Energy 2018).  
As the GWDB does not specifically record the maximum depth of a groundwater bore, a python script was 
used to identify the deepest value for each bore recorded in either the Strata, Casing, Wireline or 
Stratigraphy table of the GWDB. If there was no depth information available in the GWDB, UQ-SDAAP 
looked in QPED to determine the depth of any ex-petroleum or CSG wells that may have been converted to 
water bores. This was then compared to the depth of the Ultimate Seal (J30) at the location of the bore to 
determine whether the bore was drilled into the seal. The Office of Groundwater Impact Assessment’s 
Aquifer Attribution table was then used to determine what formation the bore was sourcing water from.  
Bores listed as sourcing water from the Evergreen Formation or deeper and with a maximum depth below 
the top of the Ultimate Seal, bores with an unknown depth and bores with no aquifer attribution were 
included in the criterion with a 15 km radius restriction Figure 13. Bores listed as sourcing water from any 
formation above the Evergreen Formation and with a maximum depth below the top of the Ultimate Seal 
were included in the criterion with a 10 km radius restriction (Figure 15). Bores listed as sourcing water from 
the Hutton Sandstone and with a maximum depth above the top of the Ultimate Seal and bores whose depth 
information suggested that they were not drilled through the Ultimate Seal, but had the Precipice Sandstone 
or Evergreen Formations attributed as aquifers by OGIA were included in the criterion with a 5 km radius 
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restriction (Figure 16). Bores listed as sourcing water from any aquifer above Hutton Sandstone or without 
an aquifer attribution and with a maximum depth above the top of the Ultimate Seal were included in the 
criterion with a 2 km radius restriction (Figure 14). All the groundwater bores in the NSW extent of the blocky 
sandstone reservoir fell under the 2 km radius restriction. 
There are several limitations with some data sources used in this criterion, creating a relatively high level of 
uncertainty. The deepest records in the tables in the analysis are not necessarily the maximum depth of the 
bore. Where the groundwater bores were drilled as CSG monitoring wells under obligations in the Water Act 
2000, it was presumed that the maximum depth was within the aquifer the bore was monitoring if no other 
information for depth was available. The Queensland Government’s Office of Groundwater Impact 
Assessment (OGIA) has assigned an aquifer/s to groundwater bores in the analysis area. OGIA used their 
geological model along with construction information such as screening interval, to assign aquifers to bores 
(OGIA 2016). Any inaccuracies in OGIA’s model, or assumptions that were not applicable in the 
circumstance would however mean that OGIA’s aquifer assignment was incorrect. Errors in the location 
information from the GWDB and inaccuracies in the geological model would also mean that there could be 
errors in determining whether a bore was drilled into the Ultimate Seal.  
Although NSW groundwater data did have depth information, the data model could only accommodate 
information on one hydrogeological unit for an aquifer (NGIS Australian Groundwater Explorer 2018). The 
aquifer attribution for NSW bores may therefore be inaccurate, however given all bores were shallow, the 
data provided is likely to be sufficiently accurate for this suitability analysis. 
5.1.10 Petroleum wells, 15 km, 10 km and 2 km restriction 
UQ-SDAAP used information on petroleum well location and depth from the UQ-SDAAP stratigraphic pick 
database (La Croix et al. 2019b) and well status from QPED 2016. Petroleum wells with a status of 
“producing hydrocarbons”, “water bore”, “suspended”, or “unknown” that passed into the Ultimate Seal were 
included in the 15 km radius restriction criterion (Figure 13). Petroleum wells that were drilled through the 
Ultimate Seal and that had a status or “plugged and abandoned” in QPED were included in the 10 km radius 
restriction criterion (Figure 14). Petroleum wells that were not drilled through the Ultimate Seal were given a 
2 km restriction. Uncertainties associated with the petroleum well data arise from any errors in the location 
data or from errors or uncertainty in interpreting wireline logs (if available) or the well total depth. These 
errors could create an error determining whether it was drilled into the Ultimate Seal or not, as well as any 
errors or omissions in updating the well status in QPED (2106). 
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Figure 13 Distribution of the distance from MAR wells, Springs with Precipice Sandstone or deeper aquifers, petroleum wells and groundwater bores with 15 km 
grey zone. (A) Data. (B) Distance classes used in analysis. 
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Figure 14 Distribution of distance from springs with a source aquifer above the Precipice Sandstone and groundwater bores with a 2 km grey zone. (A) Data. (B) 
Distance classes used in analysis. 
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Figure 15 Distribution of distance from groundwater bores with a 10 km grey zone. (A) Data. (B) Distance classes used in analysis. 
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Figure 16 Distribution of distance from groundwater bores not drilled through the Ultimate Seal and sourcing water from above the Hutton Sandstone. (A) Data. 
(B) Distance classes used in analysis. 
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5.2 Surface analysis 
As the datasets used for the surface analysis were not in the project coordinate system. UQ-SDAAP 
reprojected them into GDA 1994 MGA Zone 55 (EPSG 28355) and clipped them to the analysis area. 
5.2.1 Slope 
As an area with flat ground would make it safer and easier to construct an injection well pad, ground slope 
was included in the suitability analysis. Geoscience Australia’s three second SRTM smoothed digital 
elevation model (DEM) (Geoscience Australia 2010) was used to set the size and location of the raster grids 
for processing in the suitability analysis and used the slope function in ArcMap to create the slope criterion. 
GIS software was used to classify the slope range into five categories using natural breaks. The flattest 
ground slope category was assigned a score of 10, the category with the highest slope a score of one, and 
interim values were assigned to the remaining ground slope categories in between (Table 12, Figure 17).  
Three arc seconds represent approximately 90 m. The three second DEM was created by resampling a one 
arc second gridded Shuttle Radar Topographic Mission (STRM) DEM (Geoscience Australia 2010). Any 
inaccuracies in the data are therefore likely to be derived from processing and resampling the STRM data.  
Table 12 Factor values for slope. 
Slope (degrees) score 
0 – 1.5 10 
1.5 – 3.9 9 
3.9 – 8.4 6 
8.4 – 16.5 2 
16.5 – 50  1 
No Data No Data 
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Figure 17 Distribution of ground slope. (A) Data. (B) Slope classes used in analysis. 
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5.2.2 Distance from watercourses 
To avoid the potential for environmental damaged caused by interference with watercourses and the 
vegetation buffers around watercourses, the distance from a watercourse was included as a criterion in the 
analysis.  
Geoscience Australia 2006 GEODATA TOPO 250K Series 3 National Topographic Data – Hydrography, 
“watercourselines” dataset was used to represent watercourses. The Euclidean distance function in ArcMap 
was used to calculate the distance from watercourses. The score categories in the distance from 
watercourses criterion were chosen to reflect watercourse buffer distances (the watercourse and the area of 
vegetation around it) used in planning in the analysis area. Areas within 100m of the watercourse were given 
a score of one, and any areas further than 100m were given a score of 10 (Table 13; Figure 18).  
The GEODATA TOPO 250K Series 3 contains information from a range of sources including satellite 
imagery, GEODATA TOPO 250K Series 2 and other 1:250 000 scale maps and any inaccuracies from the 
source data may have been incorporated into the dataset. An additional uncertainty arises from the currency 
of the data. The data in GEODATA TOPO 250K Series 3 was current in 2006 and is updated infrequently; 
the location of some watercourses may have changed since the last available update.  
Table 13 Factor values for distance from watercourses. 
Distance 
from 
watercourses 
(m) 
score 
0 – 100 1 
>100 10 
No Data No Data 
This suitability analysis incorporates data which is © Commonwealth of Australia (Geoscience Australia) 
2006. The data has been used in the suitability analysis with the permission of the Commonwealth. The 
Commonwealth has not evaluated the data as altered and incorporated within this analysis, and therefore 
gives no warranty regarding its accuracy, completeness, currency or suitability for any particular purpose. 
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Figure 18 Distribution of distances from Watercourses. (A) Data. (B) Distance classes used in analysis. 
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5.2.3 Distance from dwellings  
Any CCS injection surface infrastructure would ideally be away from any dwellings. Therefore areas over 5 
km from dwellings were given a score of 10, a score of one for areas under 2 km and a score of two for 
areas between 2 and 5 km from a dwelling (Table 14). Geoscience Australia’s TOPO 250K Series 3 2006) 
National Topographic Data – Habitation, “homesteads” dataset was used to represent dwellings. The 
Euclidean distance function in ArcMap was used to calculate the distance from dwellings (Figure 19).  
The GEODATA TOPO 250K Series 3 contains information from a range of sources including satellite 
imagery, GEODATA TOPO 250K Series 2 and other 1:250 000 scale maps and any inaccuracies from the 
source data may have been incorporated into the dataset. Any additional uncertainty arises from the 
currency of the data. The data in GEODATA TOPO 250K Series 3 was current in 2006 and is updated 
infrequently; it is possible that some new dwellings may have been built within the analysis area and some 
dwellings may no longer be occupied since the last available data update. 
Table 14 Factor values for distance from buildings. 
Distance from building values (m) score 
0 – 2000  1 (lowest) 
2000 – 5000  2 
>5000 10 
No Data No Data 
This suitability analysis incorporates data which is © Commonwealth of Australia (Geoscience Australia) 
2006. The data has been used in the suitability analysis with the permission of the Commonwealth. The 
Commonwealth has not evaluated the data as altered and incorporated within this analysis, and therefore 
gives no warranty regarding its accuracy, completeness, currency or suitability for any particular purpose. 
.
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Figure 19 Distribution of distance from homesteads. (A) Data. (B) Distance classes used in analysis. 
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5.2.4 Land ownership (cadastral database) 
The UQ-SDAAP assumed that it would be easier to locate an injection site on an area of state land that was 
not already set aside for a specific purpose (such as for utilities of nature conservation) than on privately 
owned land. Therefore, land tenure (ownership type) was included in the suitability analysis. UQ-SDAAP was 
not able to get cadastral data from New South Wales (NSW) and Queensland (QLD) with exactly equivalent 
tenure categories. NSW and QLD land tenure categories are therefore represented as different factors in the 
land ownership criterion but were given the same factor score when they represented similar land ownership 
types. UQ-SDAAP used the Cadastral data – Queensland – by area of interest published on 10 July 2018 as 
the basis for the land ownership criterion. Volumetric, easement and strata cover types were removed from 
the dataset, so that only one tenure cover type covered any given area. UQ-SDAAP used the NSW Digital 
Cadastral Database Clip and Ship current on 31 July 2018 for the region of the processing extent in NSW as 
the basis for the land ownership criterion. The NSW lot, road and water feature corridor Cadastre datasets 
were merged to form a base cadastral layer similar to the Queensland layer. The Queensland and NSW 
base cadastral layers were then merged and the merged layer converted to a raster using tenure information 
to show land ownership types (Figure 20).  
The following principles were used to assign scores to the different land ownership factors:  
• State held land, with no specified purpose to be the most suitable to host a notional injection site and 
was assigned a score of 10  
• Land where the tenure type showed it had a specified purpose that would make it unsuitable for hosting 
an injection site, e.g. road, national park or was a watercourse was considered the least appropriate and 
given a score of one 
• Privately held land (freehold) was given a score of two  
The other categories (all state land) were assigned intermediate scores based on whether they had a use as 
part of the tenure and whether the tenure showed that other people had an interest in the land. For example, 
state forest land was considered to be less suitable than pockets of state-held reserve land that does not 
have an obvious purpose assigned to it. Lease land was also considered to be less suitable than state forest 
land as it is land that is leased out to citizens or companies, often for long periods for uses such as farming 
(Table 15). 
The Queensland cadastral data is estimated to have a 95% confidence level in positional accuracy, and the 
NSW cadastral data is estimated to have a 90% confidence level in positional accuracy. The Queensland 
cadastral data is updated daily, and the NSW cadastral data is updated frequently, but the metadata does 
not state the frequency of updates. As cadastral data is updated frequently it is possible that he data in the 
analysis area may have changed.  
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Table 15 Factor values for land ownership. 
Tenure type score 
  
Local Government Authority public land (NSW) 1 
Shared Crown/Council public land (NSW) 1 
Crown public land (NSW roads) 1 
Road (QLD) 1 
Watercourse (QLD ^ NSW) 1 
National Park (QLD) 1 
NSW Government/Crown standard lot (NSW) 2 
Freehold (QLD & NSW) 2 
Lands Lease (QLD) 3 
State forest (QLD) 5 
Reserve (QLD) 6 
Railway (QLD) 9 
State land (QLD) 10 
Unlinked parcel (QLD) 10 
No Data No Data 
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Figure 20 Distribution of land ownership. (A) Data. (B) Ownership class values used in analysis. 
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5.2.5 Land use 
To avoid locating the injection site on an area with high natural value such as a national park, or disturbing 
areas with high economic value, such as land used to produce irrigated crops, land use was included in the 
analysis. The Queensland Department of Environment and Science Land use mapping series 2018 and the 
NSW Office of Environment and Heritage NSW Landuse 2013 data was used as the source of data for the 
land use criterion. The Queensland and NSW land use data classified land use according the Australian 
Land Use and Management Classification (ALUMC) Version 8 (ABARES 2016). The Queensland and NSW 
datasets were then merged and the data converted to a raster using the ALUMC secondary classifications to 
define land use types in the analysis area (Figure 21) 
The following principles were used to give each land use category a score (Table 16). The most suitable land 
use for hosting a notional injection site was considered to be land with minimal use, and to which minimal 
changes have been made, in this case “grazing native pasture” and “other minimal use.” Land with seasonal, 
non-irrigated or non-intensive land uses was considered to be more appropriate than perennial, irrigated or 
intensive land uses. Cropping was considered more appropriate than horticulture, which was more 
appropriate than forestry. Land with intensive human use, such as residential land, or areas covered by 
water were classified as the least suitable. 
The main source of uncertainty associated with the land use information is data currency. The NSW and 
Queensland datasets were both current in 2013 (the Queensland Department of Environment and Science 
Land use mapping series 2018 currency map, Office of Environment and Heritage 2013). Land use in the 
analysis area may have changed since the last available update.  
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Table 16 Factor values for land use. 
Land Use Secondary category score 
Grazing natural veg 10 
Other minimal use 10 
Grazing modified pastures 9 
Production forestry 8 
Seasonal horticulture 7 
Cropping 6 
Nature conservation 5 
Irrigated seasonal horticulture 5 
Irrigated cropping 5 
Mining 5 
Transport and communication 5 
Irrigated perennial horticulture 4 
Managed resource protection 4 
Intensive animal production 3 
Utilities 3 
Marsh/wetland 2 
Manufacturing & industry 2 
Waste treatment & disposal 2 
Residential 1 
Services 1 
Reservoir/dam 1 
River 1 
Lake 1 
Channel/aqueduct 1 
No Data No Data 
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Figure 21 Distribution of Land Use. (A) Data. (B) Land use value classes used in analysis. 
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5.2.6 Native Title 
UQ-SDAAP assumed that there would be additional costs associated with negotiating for the use of land with 
Native Title. Information on where Native Title claims had given indigenous people possession of land in the 
analysis area was included in the study. The Native Title Determination Outcomes dataset current on 10 
November 2018 from the National Native Title Tribunal was used to show Native Title ownership in the 
processing area (Figure 22). The determined outcome field was used to convert the dataset to a raster 
showing Native Title ownership. Scores were assigned to factors in the Native Title criterion based on the 
existence and possession type of the title (Table 17). As locating CCS injection facilities on Native Title land 
would require time to negotiate access to the land, and possibly extinguish some Native Title rights over the 
land, UQ-SDAAP considered land where Native Title did not exist or had been extinguished to be most 
suitable for CCS injection and gave those factors a score of 10. Land where Native Title did exist, and where 
Native Title holders had exclusive possession of the land was considered to be the least suitable, and given 
a factor score of one. UQ-SDAAP considered non-exclusive possession Native Title to be only slightly more 
suitable than land with exclusive possession Native Title and gave that factor a score of three.  
Table 17 Factor values for Native Title. 
Native Title Category score 
Native Title exists, exclusive possession 1 
Native Title exists, non-exclusive possession  3 
Native Title does not exist 10 
Native Title extinguished 10 
No Data No data 
While the Native Title Registrar (Registrar) has exercised due care in ensuring the accuracy of the 
information provided, it is provided for general information only and on the understanding that neither the 
Native Title Registrar nor the Commonwealth of Australia (Commonwealth) is providing professional NNTT 
Geospatial Corporate Data Model Version 1.26 14 October 2016 National Native Title Tribunal Page 5 of 27 
advice. Appropriate professional advice relevant to your circumstances should be sought rather than relying 
on the information provided. In addition, you must exercise your own judgment and carefully evaluate the 
information provided for accuracy, currency, completeness and relevance for the purpose for which it is to be 
used. 
As the interpretation of any particular native title determination area provided is based upon the best 
information available to the Registrar at the time of creation, any effective analysis must include reference to 
both the relevant determination of native title made by the Federal Court of Australia and the entry made in 
relation to that determination on the National Native Title Register maintained by the Registrar.
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Figure 22 Distribution of Native Title (NT). (A) Data. (B) Determination outcome class values used in analysis. 
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5.2.7 Regulated vegetation management (VMA categories) 
For environmental and economic reasons, UQ-SDAAP included information about regulated vegetation to 
avoid locating notional injection sites in an area where tree clearing would be necessary. The Vegetation 
management - regulated vegetation management map version 2.08 published on 5 November 2018 
(Department of Natural Resources Mines and Energy, State of Queensland 2018) was used to represent 
vegetation regulated by the Vegetation Management Act 1999 (Qld). This map is certified by the chief 
executive as the regulated vegetation management map showing vegetation category areas, the data 
provided is therefore accurate as it represents the “point of truth” for the vegetation management categories 
under the Vegetation Management Act 1999 (Qld). The regulated vegetation management category was 
used to convert the dataset to a raster (Figure 23). UQ-SDAAP attempted to obtain a similar spatial dataset 
to represent vegetation managed under the Native Vegetation Act 2003 (NSW) however; a downloadable 
and editable version was not available. Vegetation regulated under law is therefore only represented in the 
Queensland extent of the analysis area. 
Land not classified under of the Vegetation Management Act 1999 (Qld) (category X, s20AO) was 
considered to be most suitable for the location of CCS notional injection surface infrastructure, so that factor 
was given a score of 10. The two least suitable factors were considered to be areas covered by water, and 
areas with remnant vegetation (category B, s20AM VMA), assigning those factors a score of one and two 
respectively. Areas defined under s20AL of the Vegetation Management Act 1999 as declared, offset, 
exchange, unlawfully cleared or subject to a restoration or enforcement notice, were given a score of three, 
as having a statutory declaration or notice over the area was considered to add risk to the use of that land. 
Regrowth watercourses and drainage features (category R, s20ANA) were given a score of four, as this 
category was considered to have less environmental value than remnant vegetation (Category B) and less 
risk of associated with clearing than Category A areas, but still valuable to protect as it is important for 
reducing erosion. High value regrowth (category C, s20AN VMA) was assigned a score of five, just above 
regrowth watercourses and drainage features. The analysis area in NSW was given an intermediate score of 
five (Table 18). 
Table 18 Factor weighting for Vegetation Management Act 1999 vegetation categories. 
VMA Category score 
Water 1 
Remnant vegetation (B) 2 
Declared/offset/restoration area (A) 3 
Regrowth watercourse & drainage feature (R) 4 
High value regrowth (C) 5 
No Data/NSW land 5 
Not categorised (X) 10 
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Figure 23 Distribution of regulated vegetation management categories (RVM under the VMA 1999). (A) Data. (B) VMA class values used in analysis. 
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5.2.8 Areas to avoid (mining leases, areas where environmental surveys must be 
conducted, areas over which a Native Title Determination Application has been 
registered) 
The UQ-SDAAP captured areas where additional negotiations or regulatory requirements would be required 
for locating notional CCS injection facilities in the surface suitability analysis. UQ-SDAAP included 
information on the location of mining leases and areas where surveys under the Nature Conservation Act 
1992 (Qld) (NCA) or State Planning Policy Matters of state environmental significance (MSES) should be 
conducted. Areas over which a mining lease existed were considered the least suitable and assigned a 
score of two. Areas with none of the additional constraints were given the maximum score of 10 and areas 
that required a survey for a MSES or under the NCA were given scores of four and five respectively (Table 
19; Figure 24). 
The Mining Leases shapefile from the Department of Natural Resources Mines and Energy 2018 Exploration 
and Production Permits – Queensland data current on 16 October 2018 was used to represent mining lease 
areas. Exploration and Production Permit boundaries are updated daily. The main uncertainty related to the 
mining leases dataset is therefore the currency of information used.  
UQ-SDAAP represented areas where surveys under the Nature Conservation Act 1992 (Qld) (NCA) must be 
conducted by the Nature Conservation Act Protected Plants EVNT Flora Survey Trigger Map Spatial Layer 
Version 6 (Department of Environment and Science 2018). The dataset was derived from a subset of known 
records of the location of endangered, vulnerable or near threatened plants, and the records have varying 
precision. It should be used as an indication that a survey should be conducted and what may occur in an 
area when conducting a survey (Department of Environment and Science 2018).  
Areas where State Planning Policy Matters of state environmental significance (MSES) exist were 
represented by shapefiles from the Department of Environment and Science (2017) of:  
• Matters of state environmental significance – Protected area – nature refuges,  
• Wildlife Habitat – threatened and special least concern animal,  
• High ecological significance wetlands and  
• Regulated vegetation- or category B endangered or of concern 
The MSES data layers provide an indication of where the environmental values represented in the MSES are 
expected to occur and should be considered as a guide for where to conduct site surveys rather that an 
indication that an environmental value is present.  
Table 19 Factor values for areas to avoid. 
Areas to avoid Category score 
Mining lease 2 
NCA 5 
MSES 4 
No Data 10 
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Figure 24 Distribution of areas to avoid. MSES; Matters of State Environmental Significance. NCA; Nature Conservation Act 1992. (A) Data. (B) Areas to avoid 
class values used in analysis. 
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6. Results 
Figure 25 shows the results of the suitability analysis for the subsurface criteria and Figure 26 shows the 
results of the suitability analysis for the surface criteria. Figure 27 shows the overall suitability map produced 
by combining the surface and subsurface criteria. 
The final suitability (Figure 27) map shows two “green to red zones” within which a notional injection site 
could be located. The preliminary notional injection modelling showed that at least three well sites, with three 
to four horizontal wells at each site would be required over the lifetime of a viable CO2 injection project. The 
bottom green area is the only area large enough to host three injection sites with enough distance between 
the sites to avoid pressure interference and provide an additional buffer of space with few intersecting risks 
around the wells.  
Three nominal locations were chosen within the bottom green to red zone as notional injection locations for 
use in the UQ-SDAAP based on the suitability of the area and the proximity to power stations so that the 
length of the pipeline between the injection site and the power station could be reduced (Figure 28). All 
green areas within the bottom green to red zone represent a location that, given current data, has 
demonstrably the lowest, practicable risk for CO2 injection. Any appraisal program for this area should 
therefore cover the bottom green to red zone in order to reduce uncertainty in the data used to perform this 
analysis and narrow-down the most suitable areas.   
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Figure 25 Map showing the result of the first subsurface suitability analysis. 
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Figure 26 Map showing the result of surface suitability analysis. 
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Figure 27 Final suitability map.  
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Figure 28 Final suitability map with notional injection locations and power stations.  
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7. Summary of key risks and uncertainties arising from 
the data 
There are several uncertainties associated with the source data used in the analysis to create risk overlays 
for the location of notional CO2 injection sites. Criteria using information about groundwater bores have the 
highest level of uncertainty in this analysis. The uncertainty relates to poor data quality in the GWDB across 
many of the data categories. As the GWDB does not have a record for bore depth, the deepest value 
recorded for the bore in the casing, strata, wireline or stratigraphy tables was used. Of the 3966 bores within 
the geographic extent of the Blocky Sandstone Reservoir, 238 did not have any depth information in the 
groundwater database and 740 did not have an OGIA aquifer attribution or other information that would allow 
an aquifer to be attributed to it. When depth or aquifer information was not available, bores were assigned to 
the highest risk category that the information available suggested it should go in. Uncertainties regarding the 
location of bores exist as well. For some bores, particularly older bores, latitude and longitude were not 
recorded when the bore was drilled and have not been updated with an accurate location since then. The 
latitude and longitude recoded in the GWDB for those bores is the centre of the land parcel in which they are 
located. Additional uncertainty about bore locations can also arise from GPS or survey positional 
inaccuracies. There may also be unregistered groundwater bores that have not been captured in the 
analysis as they are not recorded in the GWDB.  
Key uncertainties related to data sourced from the UQ-SDAAP static geological model relate to the lack of 
constraining seismic or well data in certain areas of the Blocky Sandstone Reservoir, particularly the central 
and southern extent where the suitability analysis suggests is the area with the least risk for locating an 
injection site. A lack of seismic data at sufficient resolution to show whether there is faulting in the central 
and southern extent of the Blocky Sandstone Reservoir with a large enough throw to create a leakage risk is 
the main uncertainty related to fault data. 
All datasets for the surface analysis were sourced from government databases. While UQ-SDAAP had 
access to a wide range of relevant data, having different data sources means that the analysis is based on 
data whose currency and update frequency varies greatly. For instance, the Queensland Digital Cadastral 
Database (Department of Natural Resources Mines and Energy 2018) and Exploration and Production 
Databases (Department of Natural Resources Mines and Energy 2018) are updated daily. If there are any 
changes in the analysis area, the results of the analysis will quickly be out-of-date. In contrast, the 
GEODATA TOPO 250K (Geoscience Australia) is updated infrequently and the version used was 10 years 
old. It is therefore unlikely to contain a record of all the features our analysis was interested in, as new 
houses may have been built since then, and some houses may also have been omitted from the database. 
Additional uncertainties related to spatial accuracy may also arise from re-projection of the data. 
8. Recommendations for further appraisal data 
collection 
An appraisal program to reduce uncertainty in the data used for this analysis will be needed to progress a 
potential CCS project to determine whether a real, industrial scale CCS option exists. At each stage of new 
data gathering, suitability should be reassessed. New data gathering should begin with surface seismic data. 
At the same time engagement with local landholders should be undertaken to improve the granularity of the 
desk-top assessments made herein. Particular attention is needed for the location of dwellings, areas of 
remnant vegetation and to confirm the depths of any groundwater bore data (if any). 
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The uncertainties relating to subsurface criteria, and the addition data required to reduce these uncertainties 
are detailed in La Croix et al. 2019b and Gonzalez et al. 2019b and Honari et al. 2019a and 2019b. 
Due to the uncertainties associated with bore location, depth and aquifer information, a number of bores 
near the notional injection areas would require further investigation during an appraisal program.  
An on-the-ground, field program would need to confirm the location, depth and source aquifer of 
groundwater bores near the notional injection site as well as to try and identify any unregistered bores. It is 
however considered highly unlikely that any unknown bores exist to a depth of >2.3km. Given the depth of 
the reservoir storage complex at the locations identified as being demonstrably the lowest, practicable risk, it 
is also unlikely that there would be any unregistered groundwater bores that were drilled into the Ultimate 
Seal.  
The detailed location of dwellings and other farm infrastructure such as sheds will also need to be confirmed 
during further data collection and construction of an injection site is minimised. Actual land use should also 
be confirmed on-the-ground, so that up-to-date information on land use can be used for later stages of a 
project. 
A Native Title application exists over a large portion of the area identified as being the area with 
demonstrably the lowest, practicable risk as shown in Figure 28. Investigations into the potential requirement 
for an Indigenous Land Use Agreement or future act process under the Native Title Act 1993 should 
therefore also be conducted.  
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